Abstract DNA methyltransferase (DNMT) inhibitor 5-aza-2'-deoxycytidine (5-aza-CdR) is able to cause DNA demethylation in the genome and induce the expression of silenced genes. Whether DNA demethylation can affect the gene expression of stem/progenitor cells has not been understood. Mouse utricle epithelia-derived progenitor cells (MUCs), which possess stem cell features as previously described, exhibit a potential DNA methylation status in the genome. In this study, MUCs were treated with 5-aza-CdR to determine whether DNMT inhibitor is able to induce the differentiation of MUCs. With 5-aza-CdR treatment for 72 hr, MUCs expressed epithelial genes including Cdh1, Krt8, Krt18, and Dsp. Further, hair cell genes Myo7a and Myo6 increased their expressions in response to 5-aza-CdR treatment. The decrease in the global methylated DNA values after 5-aza-CdR treatment indicated a significant DNA demethylation in the genome of MUCs, which may contribute to remarkably increased expression of epithelial genes and hair cell genes. The progenitor MUCs then turned into an epithelial-like hair cell fate with the expression of both epithelial and hair cell genes. This study suggests that stem cell differentiation can be stimulated by DNA demethylation, which may open avenues for studying stem cell fate induction using epigenetic approaches.
Introduction
In the mammalian auditory system, inner ear sensory hair cells are the primary receptors for auditory and balance signals. However, mature mammalian hair cells have very limited regeneration ability; therefore, loss of hair cell usually causes permanent hearing loss, balance impairment, and other inner ear disorders in humans, which affects the daily activity of at least 10 % of the population. In recent animal studies, hair cell regeneration has obtained promising progresses owing to the advances in stem cell biology [1] [2] [3] [4] [5] [6] . Stem cells are considered a likely cell source for hair cell replacement because they possess the ability of self-renewal and pluri/multipltency [2] . In the mammalian inner ear, sphere-forming progenitors have been identified in the cochlea and utricles [7, 8] . In addition, a subpopulation of supporting cells has been reported to transdifferentiate into new hair-like cells [7, [9] [10] [11] . We have recently found that adult mouse utricle sensory epithelial cells underwent epithelial-mesenchymal transit to become prosensory-like cells (MUCs) that were able to be maintained in culture for at least 50 passages [12] . We found that the expression of epithelial genes Cdh1 (encoding E-Cadherin) and Krt18 (encoding cytokeratin) was completely shut down in MUCs. In the meantime, MUCs expressed prosensory genes, including Six1, Lfng, Isl1, Bmp4, Dlx5, and Pax2, as well as genes shown in both prosensory cells and supporting cells, including Sox2, P27 kip1 , Jag1, and Notch1 [9, 10, [13] [14] [15] , which indicates that MUCs may possess features of prosensory cells [16] . Prosensory cells are considered to be hair cell progenitors because they develop into inner ear epithelial hair cells and supporting cells during normal development [15, 17] . To generate epithelial hair cells from prosensory-like MUCs, one of the important steps in our hair cell regeneration strategy is to induce MUCs to up-regulate the expression of epithelial genes such as Cdh1. However, how to stimulate MUCs to express epithelial genes is still an open question.
In recent studies, epigenetic modification becomes one of the most popular areas to study gene expression, in which the expression and/or phenotype of genes are heritably changed while their DNA sequences remain constant [18] [19] [20] . DNA methylation is one of the common approaches that are used to epigenetically silence gene expression. In eukaryotes, the additional methyl group is transferred from S-adenosyl methionine (SAM) to 5′-cytosine catalyzed by DNA methyltransferase (DNMT). There are three functional DNMTs, including DNMT1, DNMT3A, and DNMT3B. DNMT1 takes charge of genome methylation maintenance, and DNMT3A and DNMT3B are responsible for de novo methyltransferase activity [21] [22] [23] [24] [25] . Once DNA methylation occurs at the promoter sequence, it interferes the interaction between transcription factors and the promoter, which subsequently inhibits gene transcription [20, 26] .
DNA methylation has a reverse reaction called DNA demethylation, which re-activates the expression of genes silenced by DNA methylation [23] . The DNA methyltransferase inhibitor 5-aza-2′-deoxycytidine (5-aza-CdR) is a cytosine analogue that acts as a suicide substrate for DNMTs. When 5-aza-CdR enters the cell, it incorporates into genomic DNA and binds to DNMTs, which irreversibly inhibits the activity of DNMTs and causes passive demethylation [27] [28] [29] . The demethylation effect of 5-aza-CdR is genome-wide, and its effect on the promoter allows the newly synthesized DNA being transcribed to mRNA [28, 30] . It has been demonstrated that 5-aza-CdR-induced demethylation is able to stimulate Cdh1 expression in cervical cancer [23] , prostate cancer [31] , acute leukemia [32] , and esophageal cancer [33] . Further, 5-aza-CdR treatment is able to induce global demethylation in normal fibroblast cell line, which stimulates gene expression in both short-term and long-term activation [30] . DNA methylation/demethylation of stem cell has been recent studied [34, 35] , but it is still a largely understudied area. For instance, whether DNA demethylation is able to activate epithelial gene expression in stem/progenitor cells has not been determined. In this study, we treated prosensory-like MUCs with 5-aza-CdR to determine whether 5-aza-CdR was able to stimulate MUCs to express epithelial genes such as Cdh1. Success of this study will provide evidence for the generation of epithelial hair cells from prosensory-like MUCs using an epigenetic approach, which may also open avenues for DNA methylation/demethylation research in stem cell biology.
Materials and Methods

Cell Culture and Demethylation Treatment
MUCs were cultured in DMEM/F12 GlutaMAX TM with 10 % fetal bovine serum (FBS, all from Invitrogen) in an incubator supplied with 5 % CO 2 at 37ºC as previously described [16] .
When MUCs reached approximately 80-90 % confluence, 5-aza-2'-deoxycytidine (5-aza-CdR, Sigma) was added to culture medium at 1, 2, and 4 μM. In the control group, vehicle (DEME/F12) was applied to MUC cultures. MUCs were observed daily using phase contrast microscopy and digital images were captured using a digital camera. After 48 hr of 5-aza-CdR treatment, half of the culture medium was replaced and MUCs were maintained for another 24 hr. In this study we investigated the effect of 5-aza-CdR on MUC gene expression at 72 hr after treatment, which was determined based on previous publications [30, 32, 36] .
Viability Assay
To determine whether 5-aza-CdR was toxic to MUCs, the viability of MUCs was assessed with calcein and propidium iodide (PI, all from Invitrogen). After 72 hr of 5-aza-CdR treatment, MUCs in the treatment and control groups were incubated in the culture medium containing 2 μM calcein and 0.3 μg/ml PI for 30 min in a CO 2 incubator. MUCs were observed using epifluorescence microscopy and photographed using a cooled CCD camera (n=5/group). Analysis of variance (ANOVA) was used for analysis and P <0.05 was determined as the criterion of statistical significance in this study.
Genomic DNA Extraction and Genomic Methylated DNA Quantification After MUCs were treated with 5-aza-CdR or vehicle for 72 hr, genomic DNA (gDNA) was extracted using Flexi DNA Kit (Qiagen) according to the manufacturer's protocol. Quantification of genomic methylated DNA was examined by MethylFlash Methylated DNA Quantification Kit (Epigentek) using genomic DNAs of both 5-azaCdR-treated and control MUCs. A methylated DNA positive control was artificially synthesized and provided with the kit by the manufacturer, in which 50 % of the DNAs have been methylated at 5-cytosine. A standard curve was generated by diluting this positive control to a series of concentrations at 0, 0.5, 1.0, 2.0, 5.0, and 10.0 μg/ml following the manufacturer's protocol. The relative fluorescence unite (RFU) was read at 530 EX /590 EM nm using a Gemini EM fluorescence microplate reader (Molecular Devices). The percentage of 5-methylcytosin (5-mC) was used to quantify the genomic methylation level of each sample. A relative quantification of 5-mC% and the absolute amount of 5-mC were calculated using manufacturers' methods (n=4). A two-tailed Student's t-test was used to compare the quantification of 5-mC% in the genome of treatment and control MUCs. After 72 hr of 5-aza-CdR treatment, MUCs from treatment and control groups were harvested and the total RNA was extracted using RNeasy Mini Kit (Qiagen), followed by cDNA synthesis using a QuantiTect Reverse Transcription Kit (Qiagen) according to manufacturers' protocols. RT-PCR was performed on a thermal cycler (Eppendorf) using GoTaq® Green Master Mix (Promega) with primers listed in Table 1 . PCR products were electrophoresed and imaged using a ChemiDoc-It® 2 imaging system (UVP). A Bio-Rad CFX system was applied for quantitative PCR using SsoAdvanced™ SYBR® Green Supermix (Bio-rad) (n=3). The melting temperature (Tm) and efficiency of the primers were evaluated in quantitative PCR analyses. In this study, primers with the efficiency of approximately 90 % to 110 % and the melting peak of 80-90°C in melting curve analysis were selected for quantitative PCR study. The mean of quantification cycle (Cq) was calculated by Bio-Rad CFX Manager software using a regression mode. The housekeeping gene
Gapdh that exhibited approximately the same Cq values (difference≤one cycle) in the control and treatment groups were qualified for being used as calibrator references. The relative expression levels of studied genes were delta/delta Cq values normalized with internal control gene Gapdh. In the quantitative analysis, relative gene expression change≥2-fold was considered to be of biomedical importance in this study. A two-tailed Student's t-test was used to compare the expressions of genes between treatment and control groups. Cq value >40 was considered no gene expression in the sample and was not qualified for delta/delta value or statistical analysis.
Bisulfite Conversion Reactions and Nested-Methylation-Specific PCR (Nested-MSP) Genomic DNA of both 5-aza-CdR-treated and control MUCs were converted using an EpiTect Bisulfite Conversion Kit (Qiagen) according to the manufacturer's protocol. After conversion reactions, gDNAs were eluted, and the bisulfiteconverted gDNA was stored at −20ºC for the following studies. The methylation pattern of epithelial gene Cdh1 was studied using a nested-PCR approach with a MSP Kit (Qiagen) (n=3). The primers for MSP were listed in Table 1 . In electrophoresis analysis of the MSP products, the relatively expressions of methylated Cdh1 were normalized by the expressions of unmethylated Cdh1 in the treatment and control groups. The MSP products were imaged using a ChemiDocIt® 2 imaging system (UVP).
Results
Viability of MUCs Following 5-aza-CdR Treatment
When MUCs were treated with 5-aza-2'-deoxycytidine (5-aza-CdR) for 72 hr, the viable cells were stained with calcein that was shown with green fluorescence (Fig. 1a) . 16.11 %±2.02 % of MUCs were PI positive when exposed to control medium, 1, 2, 4, and 8 μM 5-aza-CdR respectively (Fig. 1b) , which was statistically significant (P < 0.05; ANOVA). Tukey post hoc test indicated that a remarkably increased number of dead MUCs were identified in 8 μM 5-aza-CdR group (P<0.05). Overall, we observed that 4 μM 5-aza-CdR did not significantly affect the viability of MUCs; therefore, 4 μM was selected as an optimal 5-aza-CdR concentration in the following studies.
Global Methylation Level and Expression of Dnmt1 of MUCs Following 5-aza-CdR Treatment
The relative quantification of genome-wide methylated DNA (5-mC%) of control MUCs was 1.31 %±0.35 % (Fig. 2a) . After 72 hr of 4 μM 5-aza-CdR treatment, the relative 5-mC% of MUCs decreased to 0.79 %±0.07 % (Fig. 2a) , which was statistically significant (P<0.05; Student's t-test). The absolute amount of 5-mC in control MUCs was 1.84±0.49 ng, while it decreased to 1.13±0.10 ng after 4 μM 5-aza-CdR treatment for 72 hr. Student's t-test indicated statistically significant difference in the absolute amount of 5-mC between the control and 5-aza-CdR-treated MUCs (P<0.05). These data suggested that 5-aza-CdR treatment caused a significant genome-wide demethylation in prosensory-like MUCs.
To determine whether 5-aza-CdR affected the expression of DNA methyltransferase 1 (DNMT1), the maintenance DNMT, we studied the expression of Dnmt1 of MUCs following 5-aza-CdR treatment. Reverse transcription PCR (RT- (Fig. 2b) . In quantitative PCR, the normalized relative expression value of Dnmt1 in 5-aza-CdR treatment group was slightly higher than the control group (approximately 1.2 fold higher, which was less than 2-fold and considered not biomedically significant; Fig. 2c ).
Expression of Prosensory and Hair Cell Genes Following 5-aza-CdR Treatment
In response to 5-aza-CdR treatment, expressions of prosensory genes, including Jag1, Hes1, Sox2, Dlx5, Bmp4, Lfng, P27 kip1 , and Pax2, were up-regulated compared to control MUCs in RT-PCR studies (Fig. 3a) . Further, 5-aza-CdR exerted concentration-dependent effects on gene upregulation. For example, 2 and 4 μM 5-aza-CdR treatment seemed to remarkably up-regulate gene expressions than 1 μM 5-aza-CdR on prosensory genes including Jag1, Hes1, Dlx5, Bmp4, and Pax2 (Fig. 3a) . Furthermore, quantitative PCR study revealed that normalized relative expression values of Jag1, Hes1, Sox2, Dlx5, Bmp4, Lfng, and P27 kip1 of 5-aza-CdR-treated MUCs were 5.12± 0.72, 7.81 ±0.56, 12.25±0.65, 8.81±0.57, 10.04±0.45, 13.32±1.32, 9.89 ±1.16 fold higher than those of control MUCs respectively (Fig. 3b) . Statistical analysis showed significant difference (P<0.05; Student's t-test).
When MUCs were treated with 5-aza-CdR, expressions of hair cell genes Myo7a and Myo6 were up-regulated in RT-PCR compared to control MUCs. Moreover, 4 μM 5-aza-CdR caused distinctly increased expression of Myo7a (Fig. 3c) . In quantitative PCR study, normalized relative expression values of Myo7a and Myo6 in 5-aza-CdR group were 2.37±0.24 and 11.71±0.37 fold higher than those in control group (Fig. 3d) . Statistical analysis indicated that the expression level of Myo7a between the treatment and control groups was statistically significant (P<0.05; Student's t-test).
Up-Regulated Expressions of Epithelial Genes and the Methylation Pattern of Cdh1 Following 5-aza-CdR Treatment
RT-PCR studies revealed that expressions of epithelial genes, including Cdh1, Krt8, and Krt18 were up-regulated after MUCs were treated with 5-aza-CdR (Fig. 4a) . For example, the expression of Cdh1 was not detected in RT-PCR when MUCs were treated with control medium. Following 1 and 2 μM 5-aza-CdR treatment, Cdh1 expression was slightly upregulated, while the expression of Cdh1 was significantly increased in response to 4 μM 5-aza-CdR treatment (Fig. 4a) . Further, quantitative PCR confirmed that the studied epithelial genes Cdh1, Krt8, Krt18, and Dsp showed expression changes along with the concentration of 5-aza-CdR treatment, which suggested that 5-aza-CdR may have a dose- We performed Nested-Methylation Specific PCR (Nested-MSP) study to further examine the effect of demethylation on Cdh1 expression following 5-aza-CdR treatment. The bisulfite converted genomic DNA of control and 4 μM 5-aza-CdR treated MUCs served as the template in the Nested-MSP study, which was amplified using both methylated and unmethylated Cdh1 primer. In electrophoresis analysis, expressions of unmethylated Cdh1 in control and 5-aza-CdR treatment groups were used as references for normalizing methylated Cdh1 expressions in order to compare relative expressions of methylated Cdh1. It was shown that the expression of methylated Cdh1 was significantly higher than unmethylated Cdh1 in control MUCs, while in 5-aza-CdRtreated MUCs the expression of methylated Cdh1 was significantly lower than unmethylated Cdh1. In relative expression comparison, the expression of methylated Cdh1 was remarkably decreased following 5-aza-CdR treatment (Fig. 4c) . The decreased relative expression of methylated Cdh1 in 5-azaCdR-treated MUCs is able to lead to gene transcription, which may be related to the up-regulation of Cdh1 expression following 5-aza-CdR treatment.
Discussion
In this study, we used DNA methyltransferase inhibitor 5-azaCdR to study whether DNA demethylation is able to stimulate epithelial and hair cell gene expression in stem/progenitor cells. We found that 5-aza-CdR stimulated the expression of epithelial genes including Cdh1, Krt8, Krt18, and Dsp in prosensory-like MUCs at 72 hr after treatment. The expressions of studied hair cell genes were increased in response to 5-aza-CdR treatment. We also found that after 5-aza-CdR treatment the genome-wide methylation level of MUCs was significantly reduced. Nested-MSP result of epithelial gene Cdh1 indicated that the methylation of Cdh1 was significantly decreased after 5-aza-CdR treatment. Additionally, gene expression changes following 5-aza-CdR treatment may be related to treatment time, which could be an independent study and will be studied in the future.
It is suggested that DNA demethylation is able to activate the expression of silenced genes in normal fibroblast cells and human bladder cancer cells [30, 36] . However, whether DNA demethylation is able to stimulate epithelial gene expression in stem/progenitor cells has not been determined. In this study, we found that DNA methyltransferse inhibitor 5-aza-CdR stimulated stem/progenitor-like MUCs to up-regulate the expression of epithelial genes that were not expressed in control MUCs, including Cdh1, Krt8, Krt18, and Dsp. In addition to activate the silenced genes, our study suggested that 5-azaCdR was able to increase the expression level of genes that showed weak expression prior to the treatment. For example, prosensory gene Lfng was expressed in prosensory-like MUCs. After 4 μM 5-aza-CdR treatment, the expression of Lfng in 5-aza-CdR-treated MUCs was 13.32±1.32 fold higher than that in control MUCs. This observation was also reported in cancer cell lines [37, 38] . For instance, the follicular lymphoma cell line exhibited a very low level of Lfng that was caused by hypermethylation in DNA sequence. After the treatment of 5-aza-CdR, the transcription of Lfng was restored and its expression was up-regulated (Bennett et al., 2009 ). In addition to Lfng, our study shows that other prosensory genes including Jag1, Hes1, Isl1, Bmp4, and Sox2 increased their expression levels following 5-aza-CdR treatment. Our observations indicate that 5-aza-CdR treatment is able to upregulate the expression of genes that are previously completely silenced or at a low expression level prior to 5-aza-CdR treatment.
Previous studies have suggested that 5-aza-CdR exerts concentration-dependent demethylation effects on a variety of cell lines, including a normal fibroblast cell line [30] and cancer cell lines [39, 40] . In this study, we found that 5-azaCdR induced concentration-dependent effects on studied genes, including epithelial genes (Cdh1, Krt8, and Krt18), prosensory genes (Jag1, Hes1, Sox2, Dlx5, Bmp4, Lfng, P27 kip1 , and Pax2), and hair cell genes (Myo7a and Myo6). First, epithelial gene such as Krt18 was not expressed in MUCs before 5-aza-CdR treatment. After 72 hr of treatment, a weak expression of Krt8 was observed in 1 μM 5-aza-CdR treatment, while a relatively higher expression was detected with 2 μM treatment. In the treatment of 4 μM 5-aza-CdR, Krt8 expression level was remarkably increased comparing to control, 1, and 2 μM groups. Second, prosensory gene, taking Sox2 as an example, was weakly expressed in control MUCs. After 1 μM 5-aza-CdR treatment, MUCs had an increased Sox2 expression, and this increased expression of Sox2 obtained its relatively highest expression at 4 μM treatment. Third, hair cell genes including Myo7a and Myo6 were hardly detected in control MUCs, but they expressed along with 5-aza-CdR treatment and exhibited the highest expression level in the 4 μM group. Together, our research suggests that studied genes including Cdh1, Krt8, Krt18, Jag1, Hes1, Sox2, Dlx5, Bmp4, Lfng, P27 kip1 , Pax2, Myo7a, and Myo6 showed gene expression changes in a concentrationdependent manner following 5-aza-CdR treatment.
5-aza-CdR is a commonly used DNA methyltransferase inhibitor for a genome-wide demethylation, which is able to exert its demethylation effects via at least two patterns: 5′-CpG island specific or none specific. First, 5-aza-CdR is able to stimulate the expression of methylation-silenced genes, which possess methylated CpG islands in their promoter sequences at 5′ region [41] . For example, a study on a gastric Fig. 4 The expression of epithelial genes following 5-aza-CdR treatment. a RT-PCR showed that MUCs up-regulated the expression of epithelial genes Cdh1, Krt8, and Krt18 following 5-aza-CdR treatment, and the relative expression levels of studied genes were related to 5-azaCdR doses. b Quantification PCR showed normalized relative expressions of Cdh1 and Krt18 of 4 μM 5-aza-CdR-treated MUCs were 13.64± 0.05 and 13.57±3.68 fold higher than those of control MUCs respectively, which is statistically significant (P<0.05; Student's t-test). c NestedMethylation Specific PCR (Nested-MSP) showed that the normalized expression of methylated Cdh1 in control MUCs was higher than unmethylated Cdh1. After 4 μM 5-aza-CdR treatment, the normalized expression of methylated Cdh1 was significantly down-regulated and lower than the expression of unmethylated Cdh1. The normalized relative expression of methylated Cdh1 was remarkably decreased following 5-aza-CdR treatment cancer cell line found that 5-aza-CdR-induced genome-wide demethylation up-regulated the expression of silenced genes that had methylated CpG islands at their 5′-promoter regions [42] . In line with this observation, we found that genes with CpG islands at their 5′-promoter region, including epithelial genes Cdh1 and Krt18, prosensory genes Jag1, Hes1, Dlx5, Lfng, and P27
kip1
, and hair cell gene Myo6, had significantly up-regulated their expressions in response to 5-aza-CdR treatment. Second, 5-aza-CdR treatment also induces demethylation that is not 5′-CpG island specific. For instance, 5-azaCdR leads to demethylation of the human bladder tumor cell line T24, in which approximately 60 % of the stimulated genes did not have CpG islands in their 5′ regions [36] . This result indicates that 5-aza-CdR may be able to induce genomewide demethylation that is not 5′ CpG island specific. In our observation, we investigated the locations of 5′ CpG islands of the studied epithelial, prosensory, and hair cell genes. We found that Krt8, Sox2, Bmp4, and Myo7a did not have CpG islands in their 5′ region, which includes 1,000 bp before the transcription start codon as well as the first exon. These genes exhibited increased gene expression in response to 5-aza-CdR treatment, which suggests that 5-aza-CdR may cause gene expression changes independent of 5′-CpG island methylation in prosensory-like MUCs. In general, our and other observations suggest that 5-aza-CdR is able to induce a genome-wide demethylation and stimulate gene expression in both 5-CpG island dependent and non-dependent ways.
Whether DNA methylation play a role in inducing stem/progenitor cells to stimulate epithelial gene expression has not been determined. In leukemia cell line studies, Paul Corn and his research team have reported that the silence of Cdh1 was caused by DNA methylation on its CpG islands located around Cdh1 transcription start codon, including the CpG islands in its promoter and first exon sequence [32] . In our study of prosensory-like MUCs, RT-PCR results showed that expressions of epithelial genes, including Cdh1, Krt8, Krt18, and Dsp were stimulated following 5-aza-CdR treatment. These epithelial genes demonstrated a significantly higher expression level following 4 μM 5-aza-CdR treatment, which was confirmed by our quantitative PCR results. Nested-MSP of Cdh1 showed that the normalized expression of methylated Cdh1 had a higher expression level than unmethylated Cdh1 in the control MUCs. However, after 5-aza-CdR treatment, the normalized expression of methylated Cdh1 decreased and was significantly lower than the unmethylated Cdh1. The change of relative expression of methylated Cdh1 suggests that DNA demethylation may be a possible mechanism involved in activating the expression of epithelial gene Cdh1 in prosensory-like MUCs. Moreover, we found that prosensory-like MUCs exhibited an increased expression of hair cell genes Myo6 and Myo7a following 5-azaCdR treatment, which indicates that DNA methylation may play a role in the induction of differentiated genes. Overall, our and previous studies indicate that DNA methyltransferase inhibitor is able to induce a genome-wide demethylation and up-regulated the expression of epithelial and hair cell genes in prosensory-like MUCs. Therefore, our study may provide a cell model to study epithelial hair cell regeneration via epigenetic approaches.
In summary, DNA methyltransferase inhibitor 5-aza-CdR induced a remarkable genome-wide demethylation in stem/progenitor cells, which was determined by quantifying the percentage of global methylated DNA of prosensory-like MUCs in the control and treatment groups. In response to DNA demethylation, expressions of prosensory genes including Jag1, Hes1, Sox2, Dlx5, Bmp4, Lfng, P27 kip1 , and Pax2, and hair cell genes Myo7 and Myo6 were up-regulated following 5-aza-CdR treatment. Concurrently, MUCs acquired an activation of epithelial genes, which was demonstrated by the increased expression of Cdh1, Krt8, Krt18, and Dsp in the treatment group. The methylation/demethylation pattern of Cdh1 determined by the Nested-MSP study indicated that 5-aza-CdR-induced demethylation may play a role in stimulating the expression of Cdh1 in MUCs. Our study suggests that an epigenetic approach is able to modify gene expression in stem/progenitor cells, which also provides a cell model for studying stem cell differentiation via epigenetic modifications.
